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LOW ERUCIC ACID MEADOWFOAM PLANTS AND OILS 
PRODUCED FROM THEM 



ABSTRACT 

Low erucic acid mutant meadowfoam {Limnanthes sp.) plants were made and 
identified. The low erucic acid oils of these mutant plants have qualities that make 
them ideal for cooking, food production, and also as a lubricant. 
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LOW ERUCIC ACID MUTANT MEADOWFOAM PLANTS 
AND ODLS PRODUCED FROM THEM 

FIELD 

The present invention relates to meadowfoam plants and oils produced by these plants. 

BACKGROUND 

Erucic Acid 

Erucic acid is a 22 carbon fatty acid triglyceride with a single double-bond at position 13. 

CH3(CH2)7CH=CH{CH2)i 1CO2H 
Erucic acid is found in a number of oil-bearing plants including meadowfoam {Limnanthes 
sp.) and rape {Brassica sp). Erucic acid possesses qualities that make the oil useful industrially, for 
instance as a lubricant. In the form of its derivative, erucamide, erucic acid is presently used as a 
renewable industrial oil and a chemical feedstock. The major use of erucic acid is in plastics 
manufacturing, as a plasticizer and a slip-agent (used in plastic film manufacture to allow sheets of 
film to slip over each other). Erucic acid is also used in the production of cosmetics, adhesives, 
pharmaceuticals, surfactants and industrial lubricants. The high thermal stability and high oxidative 
stability of erucic acid make it particularly useful in industrial applications as an additive to increase 
) thermal and oxidative stability of fuels and industrial oils. High erucic acid rapeseed (HEAR) plants 
are commonly used as a source of erucic acid for such applications. 

Apart from its industrial uses, erucic acid is known to possess useful pharmacological 
properties especially in the treatment of the debilitating and fatal neuropathic diseases, 
adrenomyeloneuropathy and adrenoleukodystrophy. In the case of adrenomyeloneuropathy, erucic 
i acid in combination with oleic acid ("Lorenzo's oil") is believed to inhibit the synthesis of very long- 
chain fatty acids, thereby inhibiting pathology (Aubourg et aL, N. Eng. J. Med 329: 745-752, 1993). 

Erucic acid-producing plants (especially rapeseed) have been intensively investigated and 
manipulated to increase erucic acid content, and there are over 1000 U.S. patents relating to high 
erucic acid oils and derivatives. Traditional plant breeding techniques as well as genetic engineering 
) techniques have been used to produce high-erucic acid plants and, in 1995, it was announced that the 
biotechnology company Calgene had genetically engineered a variety of rapeseed that produces oil 
with an erucic acid content of up to 90%, about 40% higher that. that of typical HEAR plants. 

Although erucic acid is usefiil industrially and pharmacologically, it is harmfiil to the health 
of animals (including humans) if consumed in large quantities. Because of this, oil-seed plants that 
5 produce oil high in erucic acid cannot be used as a source of oils for cooking or food-production. 
Early studies indicated that chickens fed a high erucic acid diet developed fatty deposits around their 
heart. In 1981 , hundreds of people died and thousands were poisoned by rapeseed adulterated with 
aniline which was sold in Spain. The symptoms of the disease, known as 'toxic oil syndrome," 
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include pulmonary hypertension, ventricular hypertrophy, widespread vascular and neural lesions and 
other scleroderma-like symptoms. It has been suggested that toxic oil syndrome is caused, at least in 
part, by erucic acid, possibly in conjunction with other seed-derived oil components (James, Clin. 
Cardiol 17:463-470, 1994). 
5 Modifying rapeseed plants to decrease the amount of erucic acid they produce has long been 

known and is of considerable economic importance (Stefansson, High and Low Erucic Acid Rapeseed 
Oils^ Academic Press, Canada, 1983). In 1958, Canadian scientists began working on the 
development of rapeseed plants with low erucic acid content, and by a process of selective breeding, 
succeeded in 1968 in producing a rapeseed plant that produced oil having only about 5% erucic acid. 
10 In 1974, the Canadian scientists produced the first commercially useful "double low" cultivar that 

was low in both erucic and glucosinates (a second toxic component of rapeseed oil). By 1986, plants 
had been developed that produced oil with less than 2% erucic acid and less than 30 micromoles per 
gram of glucosinates, and it is this oil that is marketed under the trademark CANOLA™. 

15 Meadowfoam 

Meadowfoam {Limnanthes sp.) is a relatively unexploited Northern California wildflower 
from which industrially useful oils may be extracted. Most vegetable oils, such as cottonseed and 
CANOLA™ oils, contain fatt>' acid chains of 16 or 18 carbons. Meadowfoam seed, however, 
contains high percentages of 20- and 22-carbon chain fatty acids. The longer the chain, the more 

20 stable the fatty acid making it more heat stable and a better lubricant than shorter chain fatty acids. 
The seed oil of meadowfoam is a rich source of unique unsaturated long-chain fatty acids (LCFAs). 
The major fetty acids of meadowfoam seed oil are c/5-5-eicosenoic (20:1 A5), c/j-5-docosenoic 
(22:1a5), ciS'5 c«-13-eicosenoic (22:2a5a13), and cw-13-docosenoic (22: 1 Al3) acid. More than 
96% of the fatty acids are unsaturated long-chains and Limnanthes is one of several known sources of 

25 cis'5 unsaturated fatty acids (20:1 A5, 22:lA5, and 22:2a5a13). 

The triacylglycerols (TAGs) of meadowfoam oil are unique. Roughly two-thirds of the 
erucic acid of meadowfoam TAGs are present at the second fatty acid branch of the TAG {sn-2) 
position, while erucic acid is absent from the sn-2 position in rapeseed and crambe. 

The unique chemical and physical properties of meadowfoam oil are a function not only of 

30 unique structure but also of the purity of unsaturated long-chain fatty acids and presence of unique 
unsaturated fatty acids. These properties have fueled the development of meadowfoam as an 
industrial oilseed crop. 

The oil from meadowfoam is currently used chiefly for lubricant and cosmetic formulation 
and is found in lipsticks, foundation, and other skin-care products. Meadowfoam oil has several 

35 characteristics that would make it ideal for use as a food oil, both for cooking and other food 

production applications, such as the making of salad oils. These characteristics include very low 
samrated fat (only one double bond), high thermal stability and high oxidative stability. Additional 
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economically useful characteristics include high oil yield from the seeds and the low cost of growing 
the plant. 

Despite its very low saturated fat content and high thermal and oxidative stability, 
meadowfoam oils are presently unusable for food applications because of the unacceptably high 
concentration of erucic acid in the seed oil. Erucic acid content of wildtype Limnanthes alba 
germplasm typically ranges from about 6.5% to about 18% (Knapp and Crane, Ind. Crops and Prod 
4: 219-227, 1995). This enicic acid content is typical of meadowfoam plants. It is beUeved that no 
meadowfoam variety in the prior art has seed with a low level of erucic acid, for instance, equal to or 
less than about 5%. 

It would be desirable to produce a low erucic acid meadowfoam plant, the oil of which 
would be useful for cooking and food production purposes as well as for lubrication purposes. 

SUMMARY OF THE DISCLOSURE 

The inventors have produced mutant low erucic acid meadowfoam plants that are true 
breeding. The oil derived from the seeds of these plants contains less than about 5% by weight erucic 
acid and may be used for cooking, food production and food processing as well as for lubrication 
purposes. In another embodiment, the seeds of the plant of the invention may contain less than about 
3% erucic acid, for instance, about 2.5%, 2%, 1%, 0.5%, 0.1% or no detectable erucic acid. 

Seeds of a representative low erucic acid meadow foam plant of the invention have been 
deposited with the ATCC under deposit number PTA-2338 on August 9, 2000. 

The invention embraces whole plants as well as parts of such plants, such as seeds. Also 
encompassed within the scope of the invention are oils derived from those plants and methods of 
producing such oils. In one embodiment, the oils provided are food oils. Hybrid plants of the low 
erucic acid meadowfoam plants of the invention and oils derived from such hybrid plants are also 
encompassed by the invention. 

Yet other embodiments include methods of making and identifying mutant low erucic acid 
meadowfoam plants. EMS and/or electromagnetic radiation may be used as a mutagen in such 
methods, for instance. These methods of making and identifying plants of the invention include 
methods wherein oil content is determined for second generation seeds or alternatively, for third 
generation seeds. The invention also embraces methods of reproducing low erucic acid meadowfoam 
plants and reproducing seeds from such plants. 

These and other aspects of the invention will become more apparent from the following 
description. 

DETAILED DESCRIPTION 

The present invention includes low erucic acid meadowfoam plants that bear seeds which 
contain a mixture of fatty acids that contains not more than about 5% erucic acid by total weight of 
fatty acid mixture. The plants of the invention may be referred to as being low in erucic acid or as 
low erucic acid plants. The mixture of fatty acids contained in the seed of such plants may be 
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referred to as meadawfoam seed oil or simply meadowfoam oil. The erucic acid content of the 
meadowfoam oil of the invention is not more than about 5% and may be about 4.9%, 4%, 3%, 2%, 
1%, 0.5%, 0,1% or less, for instance, below limits detectable by gas chromatography. The oil from 
the plants of the invention, extracted from the seeds, is low in erucic acid and therefore useful as a 
5 food component. 

The present invention also includes hybrid plants that are the offspring of a cross between a 
low erucic mutant meadowfoam plant of the invention and another plant. For instance, the mutant 
meadowfoam of the invention may be crossed with another variety of meadowfoam {e.g., L. gracilis, 
L. douglasii or L. floccosa) or 3, related species to create a hybrid plant. Non-related species may also 

0 be used, just so long as a fertile plant results from the cross. Such hybrid plants may exhibit low 
erucic acid characteristics. 

Low erucic acid meadowfoam oil may be used for a number of purposes including food 
processing, preparation and manufacture, and also for lubrication. The meadowfoam mutants of the 
invention may be made by various mutagenesis techniques including exposure of meadowfoam seeds 

5 to chemical mutagens and/or to electromagnetic radiation. Mutagenesis may also be carried out by 
various molecular biology and genetic engineering techniques. For instance, transposon mutagenesis 
may be employed to introduce random mutations into the meadowfoam genome. 

The invention also includes a method of making and identifying a low erucic acid 
meadowfoam plant by mutagenizing meadowfoam seeds, growing the seeds to produce seed-bearing 

:0 plants, harvesting such seeds, planting such seeds to produce a second generation of seed-bearing 
plants, harvesting the seeds from these plants, measuring the erucic acid content of such seeds and 
tracing back the parentage of these seeds to identify a plant that produces seeds low in erucic acid. 
Alternatively, erucic acid content may be measured for seeds produced from first generation plants 
and the first generation plants identified that produce seeds low in erucic acid. The seeds of one such 

iS mutant meadov^rfoam plant were deposited with the American Type Culture Collection (ATCC, 
Manassas, VA) on August 9, 2000, under accession number PTA-2338. 

A. Abbreviations and Definitions 

to EMS: Ethyl methanesulphonate 

HEAR: High Erucic Acid Rapeseed 
ATCC: American Type Culture Collection 

Meadowfoam means any plant of the Limnanthes species including, but not limited to L, 
\5 alba, L. gracilis, L. douglasii, L. floccosa and all variants of these species including the cultivar 
"Mermaid". 

Erucic acid is a 22 carbon triglyceride fatty acid with a single double bond, having the 
chemical structure CH3(CH2)7CH=CH(CH2)iiC02H. 

An oil is a fatty acid or mixture of fatty acids, generally liquid at about 25** C. 
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A food oil is any edible oil used in the production, preparation or manufacture of food 
products. 

The phrase percent (%) erucic acid by weight (in a mixture of fatty acids) refers to a 
percentage by weight compared to the total weight of fatty acids in a mixture. 

5 The phrase low erucic acid or low in erucic acid is used to describe a substance or article, 

usually an oil comprising a mixture of fatty acids, that has an erucic acid content of not more than 
about 5% by weight. For example, about 5%, 4.9%, 4%, 3%, 2%, 1%, 0.5%, 0.1% or less of the total 
weight of the oil may be due to the weight of erucic acid. 

A low erucic acid (mutant meadowfoam plant) is a mutant meadowfoam plant, the seeds of 

0 which contain an oil that is not more than about 5% by weight erucic acid. Such seeds may have an 
erucic acid content of, for instance about 4.9%, 4%, 3%, 2% or 1% by weight. In some cases the 
erucic acid content of these seeds may be less than 1% by weight, such as 0.5% or 0.1% by weight. 
Such seeds may even contain no detectable erucic acid. 

A phrase referring to a part of a plant refers to any plant structure, whether or not currently 

5 connected to the plant, including, but not limited to seeds, germplasm, roots, leaves, stems, meristem, 
sex organ tissues {e.g.^ anthers, carpels, pistils, pollen, ovaries and flowers) and tissue culture of any 
plant tissue. 

Hybrid plants of a low erucic acid meadowfoam plant of the invention are the offspring of a 
cross between a low erucic acid mutant meadowfoam plant of the invention and any other plant or 

0 plants. Any progeny plant that has in its parental lineage a plant as deposited as ATCC number PTA- 
2338 (deposited on August 9, 2000) is also a hybrid plant. Such a hybrid plant may be removed from 
the original parent by many generations and by crosses and back-crosses. 

The phrase referring to oil from (a particular plant) or oil derived from (a particular plant) is 
used to mean an oil or mixture of oils that has been extracted from the plant in question. 

:5 The phrase extracted from (a plant), for instance, "a low erucic acid oil extracted from (a 

meadowfoam plant)" refers to a substance, usually an oil, that has been contained in a plant or part of 
a plant, such as a seed, and that has subsequently been removed from the plant. Thus, for example oil 
contained in meadowfoam seeds that has been removed from the seeds by mechanical crushing or 
other means has been extracted from the plant. 

0 The word mutagen refers to any substance or process that may be used to genetically alter a 

plant, including, but not limited to chemicals {e.g.^ EMS or ethylnitrosourea), electromagnetic 
radiation {e.g.^ X-rays, gamma rays and alpha particles), and genetic engineering and molecular 
biology techniques for producing a genetic mutation {e,g,^ transposon mutagenesis). 

The word mutant refers to any organism that has been intentionally genetically altered from 

►5 its native form {i.e,, from the form in which it is naturally and generally found in nature). 
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B. General Methods 

1. Plants and Growth Conditions 

Any species of meadowfoam may be used to practice the present invention. Meadowfoam 
5 plants may be grown under standard horticultural conditions, either in a greenhouse or outdoors, 

using standard commercial soil mixtures (see Oregon State University extension publication EM8567 
(1997) "Growing meadowfoam in the Willamette Valley" by Ehrensing et aL). Alternative growing 
conditions may be used, and soil, temperature, soil moisture and exposure to light may all be adjusted 
within well known acceptable ranges for growing meadowfoam (and similar) plants. Hydroponic 

10 growing methods may also be used to grow the meadowfoam plants. Plants may be pollinated 
mechanically, for instance, by hand (eg. using an artist's brush) to produce seed. Alternatively, 
where specific pollination is not vital, plants can be pollinated non-mechanicaily either through 
selflng or via other pollination vectors, such as insects. 

Seeds may be harvested from mature seed-bearing low erucic acid meadowfoam plants by 

15 hand or by standard threshing techniques and such seeds may be used either to produce oil or may be 
planted under standard conditions described herein resulting in germination and eventual production 
of mamre seed-bearing plants. Where seed is used to produce oil, any known oil extraction technique 
is appropriate, including but not limited to mechanical crushing of the seeds. 

2. Mutagenesis 

20 Mutagenesis may be carried out by subjecting the plant cells to a chemical mutagen, 

electromagnetic radiation, such as gamma irradiation, or a combination of chemical and 
electromagnetic mutagens, for a sufKcient duration to accomplish mutations that result in the desired 
lowering of erucic acid content via a genetic modification but insufficient to destroy the viability of 
the cells and their ability to be germinate and grow into a plant. The desired mutagenesis may be 

25 accomplished by use of chemical means such as by contact with, for instance, ethyl 

methanesulphonate, ethylnitrosourea, etc., or by the use of physical means such as, for instance, x- 
ray. 

Mutagenesis also may be carried out through exposure of plant cells to gamma radiation, 
such as that supplied by a Cesium 137 source. The gamma radiation may be supplied to the plant 

30 cells in a dosage of approximately 60 to 200 Krad., and in some cases, a dosage of approximately 60 
to 90 Krad. may be desirable. 

Chemical mutagenesis, for instance, using ethyl methanesulphonate (EMS) or 
ethylnitrosourea, may be used to mutagenize the seeds of a meadowfoam plant. Such procedures 
generally involve first soaking seeds in distilled water for at least a few hours, generally overnight. 

35 Some seeds which possess a particularly impenetrable coating or which are covered in hairs may 
need to be scarified with sandpaper before soaking. Once rehydrated, the seeds are soaked in a 
solution of the selected mutagen. The higher the concentration of the mutagen and/or the longer the 
exposure time, the more likely it is that multiple mutations will be produced and the more likely that 
the seeds will become non-viable. In some cases it may be desirable to adjust the concentration of 
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mutagen and exposure time so as to increase the probability of producing one or only a few mutations 
per seed. By way of example, the concentration of the mutagen EMS used may be between about 0.5 
and 0.005 M. The time of exposure may be, for instance, from about 30 minutes to about 48 hours, 
for instance, from about three hours to seven hours. The mutagen is generally diluted in a buffer, 
5 such as KH2PO4 to produce a final pH of from about 5.0 to about 9,0; a pH of about 7.0 is commonly 
used. The lengtii of exposure is dependent to some extent on the concentration of mutagen. The 
higher the mutagen concentration, the shorter the exposure time needed. Other chemical mutagens 
that may be used include nitrous acid or various alkylating agents. After exposure to a chemical 
mutagen, the seeds are generally rinsed or soaked in distilled water, for example, for between one and 
10 24 hours, to remove excess mutagen. 

3. Selection of Mutants and Measurement of Erucic Acid Content 

Seeds, having been exposed to a mutagen, may be planted out using growing conditions 

described herein and grown to produce seed. First (Ml), second (M2) and third (M3) generations, 

and so forth, may be planted out and seeds from the M2, M3, and so forth generation analyzed for oil 
15 content. The parentage of these seeds may then be traced back to the M2 and Ml generations to 

identily the low erucic acid mutant plants of interest. Seed from selected plants may be harvested and 

the seed-oil extracted by extraction into an organic solvent. 

An alternate method of extracting oil from seeds is by crushing the seeds in a commercial 

press, such as a press of the type commonly used for crushing rapeseeds or sesame seeds. Crushing 
20 can be used to obtain meadowfoam oils in a quantity convenient for commercial use, for instance, a 

quantity of at least one liter. 

Oil may be analyzed by automated gas chromatography, for instance using a Hewlett 

Packard 5890 gas chromatogr^h as described in Example 3, below. 

Analysis will allow determination not only of the type of oils in the sample, but also of the 
25 quantity of the individual components including the quantity of erucic acid. Plants whose seed oil 

exhibits low erucic acid content (generally less than about 5% (w/w)) may be selected and bred, for 

instance by self-crossing (selfing) to establish a true-breeding stock of low erucic acid meadowfoam 

plants. Such selfing may produce additional plant line generations, for instance fourth generation 

(M4), fifth (M5) and so on. 
30 Meadowfoam seeds with the desired characteristics may then be multiplied as described 

herein to produce a uniform plurality of such low erucic acid seeds that can then be used to produce a 

unifoirn stand of low erucic acid meadowfoam plants. 

4. Seed Deposit of a Representative Low 
Erucic Acid Meadowfoam Plant 

35 The present invention encompasses a true-breeding, low erucic acid meadowfoam plant and 

any plant having the characteristics of this plant. Seeds of this plant were deposited with the 
American Type Culture Collection (ATCC, Manassas, VA) on August 9, 2000, under accession 
number PTA-2338. The plants of the invention, and seeds from these plants, are also maintained at, 
and available from. Dr. Steven Knapp at the Department of Crop and Soil Science of Oregon State 
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University, Corvallis, Oregon 9733 1 . The seeds of this low erucic acid meadowfoam plant contain an 
oil (low erucic acid meadowfoam oil) that is a mixture of fatty acids. This oil contains no more than 
about 5% erucic acid (w/w). 

5. Crosses and Pollination 

5 Crosses may be perfonned by emasculation of the flower by hand, followed by pollination 

by hand, for instance, using an artist's brush to transfer pollen to the pistil. 

6. Reproduction of Meadowfoam Plants and 
Production of Hybrid Plants 

Viable seeds from low erucic acid meadowfoam plants of the invention may be planted and 
10 grown as for any other meadowfoam plant as described to produce mature plants. The low erucic 
acid characteristics of the plant of the invention may be introduced into other varieties of 
meadowfoam and into other plants by conventional breeding techniques. For example, pollen may be 
taken from the plant of the invention and used to pollinate another plant, such as another species of 
meadowfoam plant. Cross-pollination gives rise to hybrid seeds, which then may be grown to 
15 produce mature seed-bearing hybrid plants. The seeds of these hybrid plants may then be analyzed to 
determine their erucic acid content. In this way, low erucic acid hybrid plants may be produced that 
combine low erucic acid characteristics with additional advantageous characteristics of other plants, 
such as low glucosinate levels, high yield and/or disease resistance. 

Any meadowfoam plant that is low in erucic acid cind that has in its parental lineage a plant 
20 as deposited as ATCC No. PTA-2338, may be described as a hybrid plant of ATCC No. PTA-2338. 
For instance, a plant removed by several generations that results from multiple crosses and back- 
crosses, but which has, as one of its genetic progenitors, the plant deposited as ATCC No. PTA-2338, 
is such a hybrid plant. 

Other characteristics of the meadowfoam plants described herein, and particularly of the 
25 meadowfoam plant designated ATCC No. PTA-2338, may be modified using traditional plant 

breeding and genetic engineering techniques. For instance, drought resistance, herbicide resistance 
and/or disease resistance characteristics may be introduced into hybrid or progeny plants of ATCC 
No, PTA-2338. This may be done by selective breeding (e.g., by cross-pollination) of ATCC No. 
PTA-2338 with a plant known to possess the desired characteristic(s) and then selecting a hybrid 
30 plant(s) having those characteristics, or by genetic engineering methods. Once introduced, such a 
trait is fixed in a homogeneous state by continued self-pollination followed by selection and/or 
haploid production that results in a plant having a substantially uniform phenotype. Additionally, 
such characteristics may be selected for using a microspore-based selection process wherein embryos 
are generated from the microspores and subjected to specific conditions, such as the presence of a 
35 herbicide, wherein selection for herbicide tolerance is accomplished. Such a technique is described in 
U.S. Patent No. 5,535,812. 
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7. Extraction and Storage of Low Erucic Acid 

Oil. 

Low erucic acid oil may be extracted from seeds by crushing of the seeds, for instance by 
use of a pestle and mortar or a commercial crushing machine. Alternately, oil may also be extracted 
5 by the use of a hydrophobic solvent such as hexane. In this method, seed may be ground in a tube 
containing hexane, the solution evaporated to dryness, and ethyl ether and potassium hydroxide 
solution in methanol added to release fatty acid methyl esters. Samples from this solution may then 
be analyzed by gas chromatography using a commercial gas chromatograph machine. 

Extracted oil may be stored at room temperature in any suitable container, such as glass or 
10 metal or plastic. 

The invention also encompasses parts of the low erucic acid meadowfoam plant that may or 
may not be separated from the rest of the plant. Such parts include, but are not limited to seed, 
flower, root, stem, leaf, meristem tissue, cultured tissue and sexual organs including carpel, pistil, 
1 5 stigma, stamen, anthers, ova and pollen. The invention also includes oils extracted from the 

described plants, from hybrid low erucic acid meadowfoam plants and fix>m a part of any such plant. 



C. EXAMPLES 



20 1. Mutagenesis of Meadowfoam Seed. 

Meadowfoam seeds from the cultivar "Mermaid" (Plant Variety Protection Cert. 8500166) 
were subjected to EMS mutagenesis. 

The seeds were soaked in distilled water for 16 hours at room temperature. The seeds were 
then soaked in 0.04 M EMS in 0. 1 M KH2PO4 buffer (pH 7.0) for 5 hours, and then in distilled water 
25 for 18 hours to rinse off excess EMS. Seeds were planted and grown in a greenhouse under standard 
conditions using standard commercial soil mix, without using pesticides. 
2. Selection of Low Erucic Acid Meadowfoam 

Plants 

Meadowfoam seeds subjected to mutagenesis as described above were planted to produce 
30 900 mature first generation (Ml) seed-bearing plants. These Ml plants produced a second-generation 
(M2) of seeds. These M2 seeds were harvested and planted to produce seed-bearing M2 plants that 
produced a third generation (M3) of seeds. Each M3 line traced to a different M2 individual. 

Oil was extracted from the M3 seeds and fatty acid content was measured by gas 
chromatography using samples of 10 seeds per line. 
35 3. Extraction and Analysis of Fatty Acids 

Ten seeds per plant were ground by hand in a 16 X 100 mm screw-cap tube containing 1 .0 
ml of hexane, incubated for 15 minutes at 50** C. Samples were vigorously shaken subsequent to 
adding 1.0 mi hexane and 0.2 ml 0.15 MHCL A 1.0 |il sample was drawn from the top layer of die 
mixture and injected into a Hewlett Packed 5890 gas chromatograph (Hewlett-Packard Inc., 
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Avondale, CA, USA) fitted with a JW DB-23 (30.0 m X 0.25 mm) fused-silica capillary column (JW 
Inc., Folsom, CA, USA). The hehum gas flow was set at 0.7 ml/min. The column oven temperature 
was set at 1 80** C for one minute and increased by 4" C/min to 220° C. The temperature of the 
injector and flame ionization detector was set at 250° C. Standards from the USDA-ARS (Robert 
5 Kleiman, Peoria, IL) were used to identify peaks for 16:0, 18:0, 18:1A5, 18:1A9, 20:0, 20:1A5, 
20:1A1 1, 22:1 A5, 22:1A13, 22:2A5A13, and 24:1. 

Results of gas chromatography analysis revealed an M2 line of the plants of the invention 
having a mean erucic acid content of about 2.5% of the total weight of fatty acid extracted from the 
seed (see Table 1). Control plants of the parent (Mermaid) were also assayed for erucic acid content 
10 (using identical techniques) and were found to have a mean erucic acid content of about 9.4%. This 
very significant drop in erucic acid content was found to be a genetically stable trait transmitted from 
generation to gen^ation of mutant meadowfoam plant. 

TABLE 1 : Fatty acid concentrations for wildtype (WT) and low erucic 
15 acid (LE76 M2, M3, M4, and M5) meadowfoam lines. 



Line 


Fatty Acid (gkg-1) 


20:1A5 


22:1A5 


22:1A13 


22:1A5A13 


WT 


655 


34 


94 


173 


LE76M2 


622 


25 


27 


282 


LE76 M3 


558 


29 


49 


306 


LE76-1-11 


433 


30 


13 


306 


LE76 M4 


46 


30 


33 


348 


LE76 M5 


568 


28 


29 


328 



Seeds of the M5 line, derived by selfing from the M2 line originally identified as having a 
mean erucic acid content of about 2.5% w/w, were deposited with the American Type Culture 
Collection (ATCC, Manassas, VA) on August 9, 2000, under accession number PTA-2338. 
20 Additionally, seeds and plants of this strain are available fr^om Dr. Steven Knapp at the Department of 
Crop and Soil Science, Oregon State University, Corvallis, Oregon 97331. 
4. Exemplary Uses of Low Erucic Acid 
Meadowfoam Oils 

Low erucic acid meadowfoam oils are edible and therefore may be used for cooking and 
25 food production and preparation. The high thermal and oxidative stability of these oils makes them 
very well suited for high temperamre cooking such as frying and baking. The low saturated acid 
content of the oils means that they are a healthy substitute for other cooking oils. Additionally, low 
erucic acid oils are well suited to industrial lubrication applications because of their high molecular 
weight and high oxidative and thermal stability. Because of these features, the oils maintain their 
30 lubricating properties even under punishing conditions, such as in an internal combustion engine. In 
addition, the oils of the invention may be used in cosmetics manufacture, such as in the compounding 
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of lipsticks and foundation creams. The above uses make low erucic meadoivfoam oil a very 
important commodity. 

The above embodiments are provided for exemplary purposes only and are in no way meant 
5 to narrow the scope of the invention, which should be interpreted in light of the claims. It will be 
understood by one of ordinary skill in the relevant art that the examples and descriptions of Hie 
invention may be modified without departing from the spirit of the invention. We claim all such 
modifications. 
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CLAIMS 

WHAT IS CLAIMED IS: 



1 . A meadowfoam plant that produces seed, the seed containmg an oil extractable 
5 from the seed, the oil having an erucic acid content of not more than about 5% by weight. 

2. The plant of claim 1 wherein the erucic acid content of the oil is not more than 
about 3% by weight. 

3. A part of a plant according to claim 1 . 

4. A seed of a plant according to claim 1 . 

10 5. A low erucic acid oil extracted from a plant according to claim 1 . 

6. A food oil comprising the low erucic acid oil of claim 5. 

7. A method of making and identifying a low erucic acid mutant meadowfoam plant, 
comprising: 

contacting meadowfoam seeds with a mutagen; 
1 5 growing the seeds to produce mature first generation plants bearing second- 



generation seeds; 

harvesting the second-generation seeds from each first generation plant; and 
measuring the erucic acid content of at least some of the second-generation seeds, 
such that at least one low erucic acid mutant meadowfoam plant is identified. 
20 8. A method of making and identifying a low erucic acid mutant meadowfoam plant 

comprising: 

contacting meadowfoam seeds with a mutagen; 

growing the seeds to produce mature first generation plants bearing second- 
generation seeds; 

25 harvesting the second generation seeds from each first generation plant; 

planting the second generation seeds to produce a plurality of second generation 
plants bearing third-generation seeds; and 

harvesting the third-generation seeds from each second-generation plant, and 
measuring the erucic acid content of the third-generation seeds such that at least one low erucic acid 
30 mutant meadowfoam plant is made and identified. 



9. The method of claim 7 wherein the mutagen comprises ethyl methanesulphonate. 

10. The method of claim 8 wherein the mutagen comprises ethyl methanesulphonate. 

1 1 . The method of claim 7 wherein the mutagen is gamma radiation. 

12. The method of claim 8 wherein the mutagen is gamma radiation. 
35 13 A method of producing a low erucic acid oil comprising: 



growing a plajit according to claim 1 so as to produce seeds; 
harvesting the seeds; and 
extracting oil frt>m die seeds. 
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14. A low erucic acid meadowfoam plant having the characteristic properties of ATCC No, 
PTA-2338. 

15. A part of the plant according to claim 14. 

16. Seed of the plant according to claim 14. 

17. A hybrid plant of ATCC No. PTA-2338. 

18. Seed of the plant of claim 1 7. 

19. An oil extracted from seed of claim 16 or 18. 

20. The oil of claim 19 where the oil contains no more than about 5% erucic acid by 



weight, 
weight. 



21. 



22. 
23. 

comprising: 



The oil of claim 19 where the oil contains no more than about 3% erucic acid by 
A food oil comprising the oil of claim 19. 

A method of producing seed of a low erucic acid meadowfoam plant, the method 



25 



planting the seed of claim 16 or 1 8 under conditions that result in the germination 
of the seed to produce a mature seed-bearing plant; and 
harvesting the progeny seed. 

24. A method of producing a low erucic acid progeny plant, the method comprising: 
crossing a first low erucic acid meadowfoam plant with at least one other plant, 

wherein the first low erucic acid meadowfoam plant is a plant according to claim 14; and 
screening the progeny plants to identify a low erucic acid progeny plant. 

25. A low erucic acid hybrid meadowfoam plant produced by the method of claim 24. 

26. Seed of the low erucic acid meadowfoam plant of claim 25. 

27. A low erucic acid meadowfoam oil, wherein the oil comprises no more than about 
5% erucic acid by weight. 
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